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The title compound, [Ni(C 2 H 8 N 2 )(C 6 H lg N 4 )]S 2 0 3 -3H 2 0, was 
accidentally synthesized under solvothermal conditions 
applying [Ni(en) 3 ]Cl 2 (en is ethane-l,2-diamine) as the Ni 
source. The asymmetric unit consists of one discrete 
[Ni(tren)(en)] 2+ complex [tren is A',A'-bis(2-aminoethyl)- 
ethane-l,2-diamine] in which the Ni 2+ cation is sixfold 
coordinated within a slightly distorted octahedron, one 
thiosulfate anion and three water molecules. In the crystal, 
the complex cations, anions and water molecules are linked by 
an intricate hydrogen-bonding network. One C atom of the 
tren ligand, as well as one O atom of a water molecule, are 
disordered over two sites and were refined using a split model 
(occupancy ratios = 0.85:15 and 0.60:0.40, respectively). 

Related literature 

For background of this work, see: Luhmann et al. (2011); 
Seidlhofer et al. (2011). For related thiosulfate crystal struc- 
tures, see: Nardelli & Coghi (1958); Varand et al. (1967); Freire 
et al. (2000); Diaz de Vivar et al. (2007). 
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Experimental 

Crystal data 

[Ni(C 2 H 8 N 2 )(C 6 H ls N 4 )]S 2 0 3 -3H 2 0 

M, = 431.23 

Monoclinic, P2Jn 

a = 10.890 (2) A 

b = 10.0494 (17) A 

c = 16.689 (3) A 

/3 = 96.68 (2)° 

Data collection 

Stoe IPDS-1 diffractometer 
Absorption correction: numerical 
(X-SHAPE; Stoe & Cie, 1998) 
T*&, = 0.559, r max = 0.748 

Refinement 

R[F 2 > 2a(F 2 )] = 0.037 

wR(F 2 ) = 0.099 

S = 1.05 

4358 reflections 

216 parameters 



Table 1 

Selected bond lengths (A). 



V = 1813.9 (6) A 3 
Z = 4 

Mo Ka radiation 
ii = 1.34 mm~' 
T = 170 K 

0.16 x 0.11 x 0.06 mm 



23884 measured reflections 
4358 independent reflections 
3924 reflections with I > 2a(I) 
R iM = 0.065 



2 restraints 

H-atom parameters constrained 
A/w = 0.55 e A~ 3 
Ap mi „ = -0.77 e A~ 3 



Nil-NS 
Nil— N4 
Nil-Nl 



2.0865 (16) 
2.1099 (15) 
2.1124 (16) 



Nil-N2 
Nil— N3 
M1-N6 



2.1364 (15) 
2.1491 (16) 
2.1634 (15) 



Table 2 

Hydrogen-bond geometry (A, °). 



D-H-A 




D — H 


H-A 


D- ■ A 


D-H-A 


N2-H1A'2- 


■03' 


0.92 


2.47 


3.324 (2) 


155 


N2-H27Y2- 


■02" 


0.92 


2.25 


3.084 (2) 


150 


N3-H12V3. 


■S2 m 


0.92 


2.68 


3.5921 (18) 


169 


N4-H1A'4- 


■02" 


0.92 


2.09 


2.971 (2) 


161 


N4-H2A'4- 


■02™ 


0.92 


2.25 


3.151 (2) 


165 


N4-H27Y4- 


■S2 ui 


0.92 


3.21 


3.8838 (17) 


131 


NS-HIA'S- 


•oi ffi 


0.92 


2.40 


3.244 (2) 


153 


N5-H1A'5- 


■02™ 


0.92 


2.48 


3.289 (2) 


147 


N5-H2iV5- 


■04" 


0.92 


2.09 


2.997 (3) 


168 


N6-H1JV6- 


■03' 


0.92 


2.30 


3.062 (2) 


140 


N6-H2/V6- 


■Ol 


0.92 


2.44 


3.307 (2) 


158 


N6-H2A'6- 


■S2 


0.92 


2.89 


3.6214 (17) 


137 


04-H204- 


■S2 


0.84 


2.56 


3.390 (2) 


171 


05-H105- 


■03 


0.84 


2.02 


2.858 (3) 


179 


Symmetry 


codes: 


i) -x + f, y - 




(ii) x + i-y- 


1- §, z - 1; (iii) 


-x + l,y-l 


-z + l 











Data collection: IPDS Program Package (Stoe & Cie, 1998); cell 
refinement: IPDS Program Package; data reduction: IPDS Program 
Package; program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 
2008); molecular graphics: SHELXTL (Sheldrick, 2008) and 
DIAMOND (Brandenburg, 2006); software used to prepare material 
for publication: SHELXTL. 

Financial support by the State Schleswig-Holstein and the 
Deutsche Forschungsgemeinschaft is gratefully acknowl- 
edged. 
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[A r ^V-Bis(2-aminoethyl)ethane-l,2-diamine](ethane-l,2-diamine)nickel(II) thiosulfate trihydrate 
B. Seidlhofer, C. Nather and W. Bensch 

Comment 

The structure of the title compound was determined within a project on the synthesis, structure determination and investig- 
ation of the properties of new thioantimonates (Seidlhofer et al, 2011; Luhmann et al, 2011). The crystals were obtained 
accidentally by the reaction of [Ni(en)3]Cl2 with Sb and S in tris(2-aminoethyl)amine. 

2+ 2+ 
The structure consists of a discrete [Ni(tren)(en)J complex, a thiosulfate anion and three water molecules. The Ni 

cation is octahedrally coordinated by four N atoms from one tris(2-aminoethyl)amine and two N atoms from one ethylene- 
diamine ligand (Fig. 1). The Ni — N bond lengths are between 2.0865 (16) and 2.1634 (15) A and the N — Ni — N angles 
range from 82.39 (6) to 175.52 (6) °. In the crystal structure the cations, anions and water molecules are connected by a 
complex hydrogen-bonded network into a three-dimensional structure (Tab. 1 and Fig. 2). It is noted that only a few isolated 
thiosulfate nickel complexes are known up to date (Nardelli & Coghi, 1958; Varand et al, 1967; Freire et al, 2000; Diaz 
de Vivar et al, 2007). 

Experimental 

The title compound was synthesized by heating [Ni(en)3]Cl2 (1.4 mmol), Sb (1.4 mmol) and S (4 mmol) in 50% tris(2- 
aminoethyl)amine (6.6 ml) for 8 d at 413 K. The reaction mixture was cooled down, filtered off and washed with water, 
ethanol and acetone. The pink crystals are unstable in air. Yield: 17% based on Ni. Elemental analysis found: C 23.75%, 
H 7.76%, N 19.90%; calc: C 22.28%, H 7.48%, N 19.49%. 

Refinement 

The C — H and N — H hydrogen atoms were positioned with idealized geometry and were refined with Uj S0 (H) = 1 .2U e q(C, 
N). The O — H hydrogen atoms were located in difference maps, and their bonds lengths were set to ideal values and sub- 
sequently refined with (Uj S0 (H) = 1.5 U e q(0) using a riding model. The C atom C6 and the O atom 06 are disordered and 
were refined using a split model. The C atom of lower occupancy (occupancy ratio 0.85:0.15) was refined only isotropically, 
whereas both O atoms (occupancy ratio 0.60:0.40) were refined anisotropically. 

Figures 



Fig. 1. The molecular parts of the crystal structure of the title compound with atom labelling 
and displacement ellipsoids drawn at the 50% probability level. The disorder of the 06 and 
C6 atoms is shown with bonds as open lines. 
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Fig. 2. Crystal structure of the title compound with view along the b axis. Hydrogen bonding 
is shown as dashed lines; disordered atoms are not shown for clarity. Colour code: Ni: orange; 
N: blue; O: red; C: black; H white. 



[iV,iV-Bis(2-aminoethyl)ethane-1,2-diamine](ethane-1,2- diamine)nickel(ll) thiosulfate trihydrate 



Crystal data 

[Ni(C 2 H 8 N2)(C 6 H 18 N4)]S203-3H 2 0 

M r = 431.23 

Monoclinic, P2\ln 

Hall symbol: -P 2yn 

a = 10.890 (2) A 

b = 10.0494 (17) A 

c= 16.689 (3) A 

(3 = 96.68 (2)° 

V= 1813.9 (6) A 3 

Z=4 



^(000) = 920 

D x = 1.579 MgnT 3 

Mo radiation, X = 0.71073 A 

Cell parameters from 4358 reflections 

6 = 2.4-28.1° 

|i = 1.34 mm -1 

T= 170 K 

Parallelepiped, pink 

0.16x0.11 x 0.06 mm 



Data collection 



Stoe IPDS-1 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp scans 

Absorption correction: numerical 
{X-SHAPE; Stoe & Cie, 1998) 
7 min = 0.559, 7 max = 0.748 
23884 measured reflections 



4358 independent reflections 

3924 reflections with / > 2a(7) 
Rim = 0.065 

Qmax = 28.1°, 6 m i n = 2.4° 

h = -\A-^\A 

fc = -13->13 
/ = -22^22 



Refinement 

Refinement on F 2 Secondary atom site location: difference Fourier map 

. ,, Hydrogen site location: inferred from neighbouring 

Least-squares matrix: tull . 

sites 

R[F 2 > 2o(F 2 )] = 0.037 H-atom parameters constrained 

w = V[a 2 (F 2 ) + (0.0672P) 2 + 0.6394P] 
wR(F 2 ) = 0.099 , , 

where P = (F 2 + 2F 2 )B 

5=1.05 (A/a) max = 0.001 

4358 reflections Ap max = 0.55 e A~ 3 

2 1 6 parameters Apmin = -0.77 e A -3 
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2 restraints 

Primary atom site location: structure-invariant direct 
methods 



Extinction correction: SHELXL97 (Sheldrick, 2008), 
Fc*=kFc[l+0.001xFcV/sin(26)]" 1/4 

Extinction coefficient: 0.0202 (16) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > g(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or 





X 


y 


Nil 


0.825612 (19) 


0.70992 (2) 


XT 1 

N 1 


0.66319 (15) 


0.77843 (15) 


CI 


U.069JO (19) 


U.91 1 Z9 (19) 


H1A 


0.6888 


0.9758 


H1B 


0.6249 


0.9488 


C2 


0.8153 (2) 


0.9243 (2) 


H2A 


0.8116 


0.8783 


H2B 


0.8374 


1.0185 


N2 


0.91090 (15) 


0.86132 (16) 


H1N2 


0.9468 


0.9241 


H2N2 


0.9716 


0.8247 


C3 


0.56558 (18) 


0.7694 (2) 


H3A 


0.4838 


0.7849 


H3B 


0.5790 


0.8390 


C4 


0.56718 (18) 


0.6330 (2) 


H4A 


0.5119 


0.6334 


H4B 


0.5362 


0.5654 


N3 


0.69498 (15) 


0.59804 (16) 


H1N3 


0.7082 


0.5084 


H2N3 


0.7052 


0.6171 


C5 


0.63530 (14) 


0.69377 (15) 


H5A 


0.6615 


0.7413 


H5B 


0.5448 


0.6800 


C6 


0.69987 (14) 


0.55683 (15) 


H6A 


0.6530 


0.4959 


H6B 


0.7018 


0.5177 


C6' 


0.7426 (12) 


0.6239 (15) 


H6C 


0.7902 


0.6853 


H6D 


0.7142 


0.5488 



isotropic displacement parameters (A ) 

z U iso */U eq Occ. (<1) 



n (195^41 n 7\ 

U.U7JJ41 V / 


U.UU7JJ ^ luj 












(1 (17^1 (d\ 




0.0515 


0.028* 




-0.0385 


0.028* 




-0.02702 (13) 


0.0260 (4) 




-0.0797 


0.031* 




-0.0351 


0.031* 




0.03095 (10) 


0.0168 (3) 




0.0664 


0.020* 




0.0039 


0.020* 




0.08050 (12) 


0.0200 (4) 




0.0493 


0.024* 




0.1226 


0.024* 




0.12019(12) 


0.0216(4) 




0.1633 


0.026* 




0.0797 


0.026* 




0.15526(9) 


0.0170 (3) 




0.1490 


0.020* 




0.2095 


0.020* 




-0.04694 (9) 


0.0204 (4) 




-0.0941 


0.024* 




-0.0571 


0.024* 




-0.03937 (9) 


0.0174 (4) 


0.85 


-0.0076 


0.021* 


0.85 


-0.0937 


0.021* 


0.85 


-0.0703 (8) 


0.029 (3)* 


0.15 


-0.1013 


0.034* 


0.15 


-0.1061 


0.034* 


0.15 
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ft ftftft£ ( c\ 

— O.OOOo ) 


A AAT3 
U.UUZ3 J 


ft ftmi (z\ 
— 0.00Z3 ) 


C 1 

5>1 


ft ft 1 ^->\ 

0.0 ijy (zj 


ft ft 1 ftft f^>\ 

o.oioy (z j 


ft ft 1 £7 
0.0 lOZ (l) 


ft ftftft^l i 1 £\ 

0.00003 (1 J) 


U.UUolo {10) 


ft ftftft/;/; ^1 £\ 
— O.OOOOD (1 J) 


sz 


ft ft 1 

0.0134 (i ) 


ft mn 1 ci\ 
o.ozy 1 (i ) 


ft ftl/1Q 

0.0346 (5 ) 


ft ftft/1 ^ /">A 

0.0043 (I) 


U.UUol \1) 


0.013Z (Zj 


UL 


O.Ozoo (0 J 


ft ftTft 1 fQ\ 

0.0301 


ft ft 1 no r-j\ 

o.oiyo { i) 


ft ftft 1 7 ff:\ 
O.OOlz {of 


U.UUU/ [p) 


ft ftft/;7 
0.000 1 yo) 


02 


ft ft-> 1 "t /"7^ 
0.0212 (7) 


ft ft-> c 1 in\ 
0.0251 (/) 


ft ft->o"7 in\ 

0.0287 (7) 


ft ftftfto ( ti\ 
0.0008 (6) 


U.U141 (0) 


ft ftft-7ft 
-0.00 /9 (6) 


03 


0.0346 (9) 


0.0130 (6) 


0.0446 (10) 


-0.0050 (6) 


0.0046 (7) 


-0.0052 (6) 


04 


0.0467 (12) 


0.0387 (9) 


0.0426 (10) 


0.0195 (9) 


0.0234 (9) 


0.0145 (8) 


05 


0.0305 (9) 


0.0374 (9) 


0.0483 (10) 


0.0004 (7) 


0.0025 (8) 


0.0186 (8) 


06 


0.0327 (18) 


0.0252 (14) 


0.0431 (18) 


-0.0002 (12) 


-0.0129 (14) 


-0.0037 (14) 


06' 


0.024 (2) 


0.050 (3) 


0.038 (3) 


0.008 (2) 


-0.0087 (19) 


-0.028 (3) 



Geometric parameters (A, °) 



Nil — N5 


2.0865 (16) 


C6 — H6A 


0.9900 


Nil— N4 


2.1099 (15) 


C6 — H6B 


0.9900 


Nil— Nl 


2.1124(16) 


C6' — N4 


1.492 (12) 


Nil — N2 


2.1364 (15) 


C6' — H6C 


0.9900 


Nil — N3 


2.1491 (16) 


C6' — H6D 


0.9900 


Nil — N6 


2.1634 (15) 


N4 — H1N4 


0.9200 


Nl — C3 


1.479 (2) 


N4 — H2N4 


0.9200 


Nl — CI 


1.481 (2) 


N5 — C7 


1.477 (2) 


Nl — C5 


1.489 (2) 


N5 — H1N5 


0.9200 


CI — C2 


1.519 (3) 


N5 — H2N5 


0.9200 


CI — H1A 


0.9900 


C7 — C8 


1.514 (3) 


CI— H1B 


0.9900 


C7— H7A 


0.9900 


C2— N2 


1.479 (3) 


C7— H7B 


0.9900 


C2— H2A 


0.9900 


C8— N6 


1.480 (2) 


C2— H2B 


0.9900 


C8— H8A 


0.9900 


N2— H1N2 


0.9200 


C8— H8B 


0.9900 


N2— H2N2 


0.9200 


N6— H1N6 


0.9200 


C3— C4 


1.521 (3) 


N6— H2N6 


0.9200 


C3— H3A 


0.9900 


si— 02 


1.4675 (14) 


C3— H3B 


0.9900 


SI— 03 


1.4736 (15) 


C4— N3 


1.488 (3) 


SI— Ol 


1.4767(15) 


C4— H4A 


0.9900 


SI— S2 


2.0058 (8) 


C4— H4B 


0.9900 


04— HI 04 


0.8401 


N3— H1N3 


0.9200 


04— H204 


0.8400 


N3— H2N3 


0.9200 


05— HI 05 


0.8400 


C5— C6' 


1.454 (12) 


05— H205 


0.8401 


C5— C6 


1.5439 


O6— H106 


0.8898 


C5— H5A 


0.9900 


O6— H206 


0.9142 


C5— H5B 


0.9900 


O6'— H106 


0.8737 


C6— N4 


1.457 (2) 


06'— H206 


0.9683 


N5— Nil— N4 


92.99 (6) 


C6— C5— H5A 


108.9 


N5— Nil— Nl 


175.52 (6) 


C6'— C5— H5B 


134.5 


N4— Nil— Nl 


82.86 (6) 


Nl— C5— H5B 


108.9 


N5— Nil— N2 


98.99 (6) 


C6— C5— H5B 


108.9 


N4— Nil— N2 


92.98 (6) 


H5A— C5— H5B 


107.7 


Nl— Nil— N2 


83.00 (6) 


N4— C6— C5 


109.90 (8) 
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JN j — JNll — JN3 


A/i ti //i\ 

yo.Zl (o) 


xt/i xt; 1 xn 
JN4 — JNll — JN3 


m /i/i //i\ 
y3.oo (o) 


XT 1 XT; 1 XTI 

JN 1 — JNll — JN3 


on m //i\ 
5Z.3V (o) 


XTO xt; 1 XT1 

JN Z — JN 1 1 — JN 3 


1 /ii A/i (£\ 
lo3.Uo (o) 


xtc xt; 1 XT/i 
JN j — JNll — JNo 


A/1 /"/i\ 

oz.y4 (o) 


XT A XT; 1 XT/i 

JN '4 — JN 1 1 — JN o 


1 *7C C 1 /"/i\ 
1 / J.J 1 (0) 


XT 1 XT; 1 XT/i 

JN 1 — JNll — JNo 


1 A1 f/i\ 

IUI.Zj (o) 


XT') XT; 1 XT/i 

JN Z — JN 1 1 — JN o 


OC qi 
OJ.Ol (O) 


XTI XT; 1 XT/i 

JN3 — JNll — JNo 


oo /in //i\ 

oo. oy (o) 


p"> XT 1 P 1 

C3 — JN 1 — CI 


1 1 1 "71 /1 /i\ 

Liz. /3 (lo) 


pi xti z" 1 ^ 
C3 — JN 1 — Cj 


1 1Z.U1 (14) 


pi XTI PC 

CI — JN 1 — Cj 


111 11 /1 A\ 

111.11 (14) 


pi xt 1 xt; 1 
C3 — JN 1 — JNll 


1 AC A*7 /1 1 \ 

IUj.U / (11) 


p 1 xt 1 xt; 1 
CI — JN 1 — JNll 


1 AC £C /1 1 \ 

IUj.oj (11) 


p jt xt 1 xt; 1 
Cj — JN 1 — JNll 


1 no on t"\ 1 \ 
lUy.o / (11) 


XT1 Z" 1 1 

JN 1 — CI — Cz 


109.73 (16) 


XT 1 P 1 III ,\ 

JN 1 — CI — H1A 


1 aa "7 

iuy. / 


PT p 1 III A 

CZ — C 1 — H 1 A 


1 aa "7 

109. / 


XT 1 P 1 I I 1 D 

JN 1 — CI — H1B 


1 aa "7 

iuy. / 


PT P 1 TJ1 D 

CZ — C 1 — rl 1 B 


1 aa "7 

iuy. / 


II 1 A pi I I 1 O 

HI A — CI — H1B 


1 AO 1 

108.2 


\n no pi 
JNZ — CZ — CI 


i i a /;t /1 /:\ 
110.62 (lo) 


XT'") ( ""> I I") A 

JN Z — CZ — HZ A 


1 AO ^ 


p 1 n in a 
C 1 — CZ — HZ A 


1 A A £ 


xti n 1 1 -> o 

JNZ — CZ — HZB 


1 AA £ 


pi po inn 
C 1 — CZ — HZB 


1 aa £ 


II") A pi 1 I ") D 

HZ A — CZ — HZB 


1 AO 1 

108.1 


po xto xt; 1 
CZ — JNZ — JNll 


1AO t~A 

108.64 (12) 


PI XT') TU1XTT 

CZ — JNZ — HI JNZ 


1 1 A A 

11U.U 


XT; 1 XT') TUIXT') 

JNll — JNZ — H1JNZ 


1 1 A A 

110.0 


PI XT') TUTXT') 

CZ — JNZ — HZJNZ 


1 1 A A 
1 1U.U 


XT; 1 XT') tnXTT 

JNll — JNZ — HZJNZ 


1 1 A A 
110.0 


TUIXT') XT') mXT') 

rl 1 JN Z — JN Z — HZJN Z 


1 AO 1 

108.3 


XT1 PI P A 

JN 1 — C3 — C4 


1 1 A A A ^1 /;\ 

llU.4y (lb) 


xti pi m A 
JN 1 — C3 — H3A 


1 aa /; 

luy.o 


P/l pQ I I "J A 

C4 — C3 — H3A 


1 aa /; 

luy.o 


XT1 PI I n D 

JN 1 — C3 — H3B 


1 A A £. 

luy.o 


P/1 pQ I I "J I) 

C4 — C3 — H3B 


1 a a /: 

luy.o 


m A PI I I "3 D 

H3A — C3 — H3B 


1 AO 1 
108.1 


XTI P/1 PI 

JN 3 — C4 — C3 


11A 1A /1C\ 

110.30 (15) 


XTI P/1 I 11 a 

JN 3 — C4 — H4A 


1 AO C 

luy.o 


PI P/1 I I 1 A 

C3 — C 4 — H4 A 


1 aa /; 

luy.o 


XT 1 P /I I 1 ,1 I) 

JN3 — C4 — H4B 


1 aa /; 

luy.o 


C3— C4 — H4B 


109.6 


H4A — C4 — H4B 


108.1 


C4— N3— Nil 


109.44(11) 


C4— N3— H1N3 


109.8 


Nil— N3— H1N3 


109.8 


C4— N3— H2N3 


109.8 



XT/1 P/i ii/; a 

JN4 — Co — HoA 


1 AO *7 


PC / • / ii/ a 

Cj — Co — HoA 


1 nn *7 

iuy. / 


XT/1 P£ I I/.D 

JN4 — Co — HoB 


1 no *7 

iuy. / 


PC P£ I I /C I) 

Cj — Co — HoB 


iuy. / 


I 1/ A P/T I I I) 

HoA — Co — HoB 


1 AO 1 

lUo.Z 


PC P/i' XT A 

Cj — Co — JN4 


ii3.u (y) 


/ • pp i j / p 

C j — Co — HoC 


iuy.u 


XT/1 pp 1 1 /: p 

JN4 — Co — HoC 


1 no r\ 

iuy.u 


PC PP 1 1 /: t~-\ 

C j — Co — HoL) 


1 no n 

iuy.u 


XT /I p p 11/ rA 

JN4 — Co — HoL) 


1 AO A 

iuy.u 


HoC — Co — HoL) 


1 n*7 o 
lU/.o 


c^c xt /i xt; 1 
Co — JN4 — JNll 


1 AO A/i / 1 A\ 

luy.uo (iu) 


z" 1 ^' xt a xt; 1 
Co — JN4 — JNll 


1 AO A /C\ 

lUo.U (J) 


P/i XT A TJ1 XT/1 

Co — JN4 — H1JN4 


1 AA A 

luy.y 


XT; 1 XT A TJ 1 XT A 

JN 1 1 — JN 4 — H 1 JN 4 


1 AO Q 

luy.y 


P£ XT/1 mXT/1 

Co — JN 4 — HZJN 4 


1 AA A 

luy.y 


PP XT/1 mXT/1 

Co — JN4 — HZJN 4 


1 1 O 1 

130.3 


xt; 1 xt a mxT/i 
JNll — JN4 — HZJN4 


1 AA A 

luy.y 


m XT/i XT/i mxT/i 
H1JN4 — JN4 — HZJN4 


1 AO 1 

lUo.3 


p*7 xtc xt; 1 
C / — JN j — JN 1 1 


1 AO An /1 T\ 

1U0.4Z (1Z) 


p-7 XTC TJ 1 XT C 

C / — JN j — H 1 JN j 


1 1 A A 
1 1U.U 


xt; 1 xtc m xtc 
JNll — JN j — HI JN j 


1 1 A A 
11U.U 


p-7 XTC mXTC 

C/ — JN J — HZJN J 


1 1 A A 
11U.U 


xt; 1 xtc mxTc 
JNll — JN j — HZJN j 


1 1 A A 
11U.U 


m xtc xtc mxTc 
H 1 JN j — JN j — HZJN j 


1 AO /I 

lUo.4 


XTC P*7 PO 

JN j — C/ — Co 


1 ao nn ( 1 c\ 
lUo.ZZ (1 J) 


XTC P*7 I I "7 a 

JN j — C / — H /A 


1 1 A 1 
1 1U.1 


PO P*7 I I "7 a 

Co — C / — H / A 


1 1 A 1 
1 1U.1 


XTC PT I I "7 O 

JN j — C / — H/B 


1 1 A 1 
1 1U.1 


PO P*7 I I "7 ID 

Co — C / — H /B 


1 1 A 1 
1 1U.1 


I I -7 a p-7 I I -7 D 

H / A — C / — H /B 


1 AO A 

lUo.4 


XT/i PO P*7 

JNo — Co — C/ 


1 aa an /1 c\ 

luy.o / (1 j) 


XT/T PO TIQ A 

JNo — Co — HoA 


1 AO "7 

iuy. / 


p-7 po TTO A 

C / — Co — HoA 


1 AA *7 

iuy. / 


XT/i PO I I O D 

JNo — Co — HoB 


1 AA *7 

iuy. / 


p-7 PO TJOT3 

C / — Co — HoB 


1 AA *7 

iuy. / 


lit) a PO Tjon 

HoA — Co — HoB 


1 AO T 

lUo.Z 


p o XT/i xt; 1 
Co — JN o — JN 1 1 


1 AC 1 A /I 1 \ 

lUj.iy (ii) 


p o xt/c m XT/i 
Co — JN o — H 1 JN o 


1 1 a n 
1 1U. / 


xt; i XT/i m XT/i 
JNll — JNo — HlJNo 


1 1 A *7 

110. / 


PO XT/i mXT/i 

Co — JN 0 — HZJN 0 


1 1 A *7 
11U. / 


xt; i XT/i mxT/i 
JNll — JNo — HZ JNo 


1 1 A *7 
11U. / 


m XT/i XT/i mxT/i 
H 1 JN o — JN o — HZJN o 


1 AO O 

lUo.o 


(_>2 — bl — Oi 


1 1 A n £ ( 1 A\ 

110.26 (10) 


02— SI— Ol 


109.74 (10) 


03— SI— Ol 


111.09 (10) 


02— SI— S2 


108.85 (7) 


03— SI— S2 


108.82 (8) 


Ol— SI— S2 


108.01 (7) 
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Nil— N3— H2N3 109.8 H104— 04— H204 111.2 

H1N3— N3— H2N3 108.2 H105— 05— H205 104.5 

C6'— C5— Nl 113.6(6) H106— 06— H206 102.6 

Nl— C5— C6 113.25(8) H106— 06'— H206 99.6 

Nl— C5— H5A 108.9 



Hydrogen-bond geometry (A, °) 




D—H-A 


D—H 


N2— H1N2-03' 


0.92 


N2— H2N2-02" 


0.92 


IN j — rl 1 IN j oZ 


0.92 


N4 — H1N4--02 11 


0.92 


N4— H2N4-02 iii 


0.92 


N4— H2N4-S2'" 


0.92 


N5— HlN5-01 m 


0.92 


N5— HlN5-02 m 


0.92 


N5— H2N5-04" 


0.92 


N6— H1N6-03' 


0.92 


N6— H2N6-01 


0.92 


N6— H2N6-S2 


0.92 


04— H204-S2 


0.84 


05— H105- -03 


0.84 


Symmetry codes: (i) -x+3/2, >>+l/2, 


-z+1/2; (ii) x+l/2, -y+3/2, z 



H—A 


D-A 


D — n-A 


7 47 




1 J J . 


2.25 


3.084 (2) 


150. 


2.68 


3.5921 (18) 


169. 


2.09 


2.971 (2) 


161. 


2.25 


3.151 (2) 


165. 


3.21 


3.8838 (17) 


131. 


2.40 


3.244 (2) 


153. 


2.48 


3.289 (2) 


147. 


2.09 


2.997 (3) 


168. 


2.30 


3.062 (2) 


140. 


2.44 


3.307 (2) 


158. 


2.89 


3.6214(17) 


137. 


2.56 


3.390 (2) 


171. 


2.02 


2.858 (3) 


179. 



1/2; (iii) -x+3/2,jM/2, -z+1/2. 
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supplementary materials 
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